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LIVING AND RECENI' DEAD MOLLUSCAN ASSEMBLAGES 
UPPER LASALLE LAKE, MINNESOTA 
ABSTRACT 
Living and recent dead mollusks were sampled by SCUBA in Upper 
LaSalle Lake, northwestern Minnesota, in 1972 along belt transects 
paralleling the depth contours and normal to the shoreline. Three 
aquatic plant associations were found in the lake -- dense, finely-
branching forms in shallow water; less dense and a greater percentage 
of broad-leaved plants in intermediate depths; and a sparse density of 
a finely-branching forms in deep water. Two live species of mussels 
(in order of decreasing abundance) -- Lampsilis radiata luteola 
(Lamarck, 1819), and Anodonta grandis Say, 1829 -- were found at max~ 
imum depths of 5 and 6 m, respectively. Fossils of Lampsilis radiata 
luteola, Anodonta grandis and Anodontoides ferussacianus (Lea, 18J4) 
were recovered in core samples from maximum depths of 6, 6, and 2 m, 
respectively. Five species of live snails (in order of decreasing 
abundance) Amnicola lirnosa, Physa gyrina, Physa integra, Gyraulus 
parvus and Valvata tricarinata -- were found in densities which gener-
ally decreased from 1 to J m and increased from 4 to 6 m. Eleven 
species of fossil snails (in order of decreasing abundance) -- Amnicola 
limosa, Valvata tricarinata, Gyraulus parvus, Fossaria obrussa, Physa 
gyrina, Helisoma anceps, P.romenetus exacuous, Helisoma campanulatum, 
Physa integra, Lymnaea stagnalis jugularis and Amnicola lustrica --
had densities which generally decreased from 1 to J m and increased 
from 4 to 6 m, except at a sampling station where sediment was being 
moved to J m and the largest fossil densities also occurred at this 
(iv) 
depth. Low adult/juvenile ratios at 1 m and 4-6 m and high ratios 
at 2-J m for fossils of Amnicola limosa, Valvata tricarinata and 
Gyraulus parvus may possibly reflect seasonal migration. 
(v) 
LIVING AND RECENr DEAD MOLLUSCAN ASSEMBLAGES, 
UPPER LASALLE LAKE, MINNESOTA 
A persistent problem when dealing with fossil material is the 
difficulty of detennining whether the fossils were buried exactly 
where they lived, were moved short distances, or were transported 
beyond their biotopes before final burial. It is widely held that 
most fossil shells have been disturbed or transported before becoming 
part of the geologic record (Ager, 1963; Hallam, 19()5; Craig, 1966; 
Wilson, 1~7). To validly reconstruct fossil communities it is im-
portant to know how much post-mortem transport can be expected in a 
natural depositional environment. One approach to the problem has 
been to sample modern environments and to compare distributions of 
living animals with recent skeletal remains. Miyabi & Habe (1947) 
investigated the live and dead species in samples from several 
Japanese bays and reported no significant transportation of molluscan 
shells had taken place. Valentine (1961) and Wanne (1969) have an-
alyzed the relationships between live and dead molluscan assemblages 
in California marine environments and regard the dead shells as re-
presenting animals that were deposited in situ. Johnson (1965) 
reported similar findings in a study of pelecypod assemblages. 
Studies of lacustrine mollusks have been limited mainly to the 
ecology of living fonns. Moyle & Bacon (1969) found the distribution 
and abundance of snails in Long Lake, Minnesota, to be related to the 
type and abundance of aquatic plants. In the same lake, Cvancara 
(1972) found mussel density to decrease with depth and with greater 
aquatic plant coverage. This paper reports the results of a SCUBA 
(1) 
(2) 
study to (1) describe the distribution and density of live species in 
relation to depth, plant cover and substrate and to (2) compare these 
findings with the distribution and density of recent skeletal material 
which may be entering the fossil record in a small lake in northwestern 
Minnesota. These comparisons may help in the interpretation of older 
fossil assemblages which may have been deposited under similar, presum-
ably stable, limnologic conditions. 
North-south trending Upper LaSalle Lake is on the boundary be-
tween Clearwater County and Hubbard County (Township 144 N, Ranges 35 
and J6 W, Sections 7, 18, 12 and 1J), 15 km north-northeast of Lake 
Itasca and within the deciduous-coniferous forest. The lake basin is 
probably an ice-block basin in till localized in a preglacial valley 
(Zumberge, 1952), 
Upper LaSalle Lake is about 2.4 km long and 0.4 km wide, with a 
maximum depth of about 15 m. The lake has no public access points. 
Coniferous-deciduous woods surround the lake and extend to the water's 
edge. The east and west bottom slopes are relatively steep compared to 
those on the north and south. An intermittent stream enters the lake 
at the extreme southern end. The lake is drained at the north end by 
LaSalle River , a tributary of the Missippi River. Lateral visibility 
for diving in late May of 1972 at 4.6 m depth while sighting at bright 
yellow compressed air tanks, was estimated at J m. Vertical visibility 
estimated from the surface was about 6 m. 
Temperature profiles showed that the top of the metalimnion oc-
curred at 4 m and 9 m on 24 May 1972 and 16 September 1972, respectively. 
Single values of specific conductance (micro-mhos/cm), pH, chlorides 
(ppm), total alkalinity (ppm) and total hardness (ppm) taken on 24 May 
e 
(J) 
1972, 21 August 1972, 4 September 1972 at station 1 were: 385, 8.4, 2.5, 
21J , 203; 330, 8.J, 2.0, 173, 165; J45, 8.2, 0.5, 180, 175, respectively. 
Single values of specific conductance and pH taken on 9 September 1972 
and 6 July 1973 at station 2 were: J45, 8.3; and J45, 8.J , respectively. 
Comparing these measurements with data from nearby lakes, one may assume 
that Upper LaSalle Lake is limnologically stable (Megard, 1967, 1968). 
MATERIALS AND MEI'HODS 
A preliminary survey of the lake was made on 24 May 1972. During 
5 days in August-September 1972 and July 1973, two stations were estab-
lished on the east and west sides of the lake (Fig. 1). Twelve belt 
transects, each 10 m by 1.7 m and paralleling the 1 m to 6 m depth con-
tours, were run at the stations to determine mussel distribution and 
density. Each transect was begun from a bearing line normal to the 
shore, established with an underwater compass. The transect line, a 
5 mm diameter nylon cord with lead weights, was staked on the bottom 
at one end and extended along the desired depth contour by using an 
underwater depth gauge . 
All live mussels within reach on either side of the transect line 
(a 1.7 m-wide belt) were placed in a canvas bag. Observations of 
2 
aquatic plant cover and bottom sediment were made at three t-m areas 
along each transect ; data were recorded on a white plastic sheet with 
a grease pencil. The type of vegetation was noted (in order of decreas-
ing abundance) and the percent of coverage by aquatic plants was 
estimated for each t-m2 area. The upper 5-10 cm of the bottom was 
examined and gravel, sand and mud content was estimated following per-
centage limits modified after Shepard (19.54). 
On a transect along a bearing line normal to the shore at each 
(4) 
station, samples were taken at one meter depth intervals from 1 to 6 m. 
For each sample, an aluminum sampling frame t-m on a side was gently 
placed over the vegetation. The same observations recorded on the 
mussel transects were noted for each sample area. All the vegetation 
in the sampling frame was gently placed in canvas bags and a core 
sample measuring 25 cm on a side and 10 cm deep was retrieved. At 
2 the surface the vegetation from each t-m area was placed in a large 
plastic tub. After 12-15 hours the snails were removed from the tub 
walls and preserved in a 70% ethanol solution. The volume of water 
occupied by the vegetation was measured by collecting the water dis-
placed by the plants in a large graduated cylinder to use as a measure 
of vegetation abundance. The core was sieved to remove the silt, clay 
and marl and then ~reserved in a 70% ethanol solution. 
Specific conductance was measured with a Beckman Solu Bridge , 
Model RBJ-JJ8, and pH with a Taylor pH Slide Comparator, Model T-1. 
Chlorides, total alkalinity and total hardness were measured with a 
Hach portable laboratory. 
In the laboratory each sample was dried, sieved and sorted accord-
ing to species. The material from the core samples was divided into 
quarters before picking if very large numbers of fossils were present. 
RESULTS 
Aquatic Vegetation 
Three zones of aquatic plant associations and abundance seem to 
exist in the lake: (1) a shallow water association consisting of a very 
dense growth of Chara contraria, Hippuris vulgaris, Nuphar varigatum 
(yellow pond lily), Najas flexilis, Potamogeton richardsonii, and an 
occasional specimen of Utricularia vulgaris; (2) an intennediate depth 
(5) 
association dominated by Chara contraria, Nuphar varigatum, Najas 
flexilis, Potamogeton richardsonii, Potamogeton praelongus, and 
Ceratophyllum demersum, but including Hippuris vulgaris, Utricularia 
vulgaris, Myriophyllum exalbescens, Potamogeton zoster1fonnis and 
Heteranthera dubia; and (J) a deep water association of sparse patches 
of thin-stemmed Chara contraria, thread-like Najas flexilis, 
Ceratophyllum demersum, small-leaved Potamogeton praelongus and 
Potamogeton zosterifonnis, Anacharis canadensis, and various fonns 
of algae. The graph of estimated percent plant cover at station 1 in 
Fig. 1 shows an exception to nonnal conditions and no vegetation oc-
curred below 6 mat either station. Chara contraria is a major 
sediment source and calcareous stems of this species accounted for 
up to an estimated 90% of the sediment in the core samples. The lake 
bottom below 6 m was covered by a thick layer of marl and silt. 
Mussels 
The two live mussel species collected were: Lampsilis radiata 
luteola (Lamarck, 1819) and Anodonta grandis Say, 1829. Twenty-six 
individuals of Lampsilis radiata luteola and eighteen individuals of 
Anodonta grandis were collected from maximum depths of 5 m and 6 m, 
respectively. Males of the sexually dimorphic species Lampsilis 
radiata luteola were generally predominant up to a male/female ratio of 
5. Four individuals of Lampsilis radiata luteola and eight individuals 
of Anodonta grandis were recovered in the core samples. Anodontoides 
ferussacianus (Lea, 18J4) was not collected alive but one individual 
was recovered in the 2 m core sample from station 1 and two empty 
shells were noted on the 1 m and J m belt transects at station 2. 
(6) 
Snails 
The five species of snails collected. alive, in order of decreas-
ing abundance, were: Amnicola limosa, Physa gyrina, Physa integra, 
Gyraulus parvus, and Valvata tricarinata. The 204 individuals col-
lected in 12 samples did not provide an adequate census to determine 
accurate density relationships with depth and aquatic plant coverage. 
No live snails were collected at 1 m of station 1. The density 
was 88 snails/m2 at 2 m, 0 at J m and increased to 176 snails/m2 at 6 m 
(Fig. 1). The snail density at station 2 was 224 snails/m2 at 1 m, de-
creased to 20 snails/m2 at 4 m and increased to 52 snails/m2 at 6 m. 
The eleven species of fossil snails present, in order of decreasing 
abundance, were: Amnicola limosa, Valvata tricarinata, Gyraulus parvus, 
Fossaria obrussa, Physa gyrina, Helisoma anceps, Promenetus exacuous, 
Helisoma campanulatum, Physa integra, Lymnaea stagnalis jugularis, and 
Amnicola lustrica. 
The number of fossil snails/core sample at station 1 was 11,097, 
7,240, 10,171, 7,095, 2,930, and 10,347 at 1, 2, J, 4, 5, and 6 m, re-
spectively. The number of fossil snails/core sample at station 2 was 
J ,012, 5,414, 7,670, lJ,937, 10,174, and 6 ,182 at 1, 2, J, 4, 5 and 6 m, 
respectively (Fig . 1). 
Individuals of the three most abundant fossil snails were classi-
fied as either adults or immatures, according to size. The minimum size 
chosen to distinguish adults was 1.75 mm. For each of the species an 
adult/juvenile ratio was calculated for each depth, on the assumption 
that the depth with the lowest ratio for a given species would be the 
depth at which the most successful reproduction was occurring. 
Fossils of Amnicola limosa were present in high numbers and had low 
(7) 
adult/juvenile ratios at 1 m and 4-6 m. Fossils of Valvata tricarinata 
and Gyraulus parvus generally were present in high numbers and had low 
adult/juvenile ratios at 1 m and 3-5 m {Table 1). 
Other species present in the core samples included Sphaerium, 
Pisidium, and several specimens each of the terrestrial snails Discus 
cronkhitei, Retinella binneyana, and Pupilla blandi. Heliopsyche or 
"Caddis-fly cases" were also recovered from core samples at station 2 
where the substrate was sandier and more suitable for the construction 
of agglutinated larval cases. 
DISCUSSION 
One of the problems with a study involving the sampling of living 
organisms is its limited nature: it is actually a study of the abun-
dance and distribution of mollusks in Upper LaSalle Lake in late 
August-early September, 1972. Another limiting factor is the small 
number and size of samples collected. One of the problems in sampling 
is the crowding or patchiness in space of individuals within live popu-
lations. It is this irregular spacing that makes census efficiency very 
difficult. It is unlikely that any sample of reasonable size will in-
clude all the species of a given habitat. Dennison & Hay (1967) out-
lined a method for detennining the volume of a sample adequate for 
a census conducted by counting all the organisms in that volume. A 
suitable sample volume for Upper LaSalle Lake based on that method 
would be a cube 3,75 m on a side. It is evident from these calcula-
tions that much more sampling of living populations would be necessary 
to provide an adequate census , 
However, unless this patchiness is due to pennanent microhabitats 
instead of chance, these patches can be expected to shift throughout 
(8) 
the habitat with time. This shifting may occur between generations, 
between seasons, between breeding activities, or due to random food 
searching. This kind of movement results in widespread distribution 
of skeletal remains as normal mortality occurs. This distribution of 
recent dead shells is more unifo:rm than the distribution of live ani-
mals at any given moment (Wanne, 1967). 
Another factor affecting samples is the rarity of some species 
within communities. The relative abundances of different species within 
a community usually is logarithmic, with there being a few abundant 
species and many rare ones. 
Both of these factors were problems with the sampling of live in-
dividuals in Upper LaSalle Lake. 
Direct comparison with other studies of mussels with depth and 
aquatic plant cover is not possible because the 44 specimens from 12 
transects are too few for valid comparison . Cvancara (1972) noted the 
shallow occurence of Anodontoides ferussacianus in Long Lake and felt it 
was noteworthy since this species is generally characteristic of the 
shallow water in creeks and small rivers. This, and the apparent rarity 
of the species in Upper LaSalle Lake may explain why no evidence of 
Anodontoides ferussacianus was found below 3 m. 
The general decrease in density and coverage of aquatic vegetation 
with depth is probably due to a decrease in solar insolation (Schmid, 
1965), 
Two abundance (density) measures were used for the live snails: 
snails per square meter of bottom and an index of snails per cubic meter 
of vegetation (a theoretical value dete:rmined by the formula: water 
volume [cc] /plant volume [cc] X number of snails/m3). The fonner is 
(9) 
perhaps the most useful for comparison with bottom fauna studies but 
it ignores the effects of plant character and abundance on snail densi-
ties. The index of snails per cubic meter of vegetation is an attempt 
to take into account two factors: (1) aquatic plant species differ in 
their suitability for supporting snails; and (2) the amount of plant 
actually available as potential snail substrate varies with plant species 
and abundance. A small, loosely-branched Najas flexilis at 6 m may be 
utilized by more snails than a dense bed of Chara contraria at 1 min 
which the plants are unavailable to the snails because the closely packed 
stems trap a large amount of marl and debris. 
The highest density of finely-branched aquatic plant species, which 
support the largest invertebrate populations (Krecker, 1939), occurred 
in shallow water. Another zone of finely-branched plants, but which had 
a very low density, occurred in deep water. This deep-water association, 
however, did support a relatively high density of snails in proportion to 
the amount of vegetation present. Except for the 1 m depth at station 1, 
this relationship seems to be generally reflected in the curves showing 
live snail density at both stations and the curves showing fossil snail 
density at station 1 (Fig. 1). The absence of live invertebrates at 1 m 
of station 1 may be due to a dense Chara contraria bed which was filled 
with clay, silt and marl. 
I cannot explain why the fossil snail density at station 2 is rela-
tively low in shallow and deep water and higher from 3-5 m. The transect 
at station 2 was located on the leeward side of a small sand spit and 
wave action was observed carrying sediment along the shore. The graph 
of variation in bottom type with depth for this station shows a decrease 
in gravel and sand toward deeper water with a corresponding increase in 
(10) 
mud. This may indicate a sediment t ransport process which is also 
carrying the fossil population offshore to 3-4 m depths . 
Moyle and Bacon (1969) reported the lowest adult/juvenile ratios 
for Amnicola limosa, Valvata tricarinata, and Gyraulus parvus at depths 
greater than 4 rn. The occurence of low adult/juvenile ratios in the 
fossils of these species at both 1 m and 4-6 m may indicate snail popu-
lations migrate between shallow and deep water. Clampitt (1972) studied 
seasonal migrations in pulmonate snails and found they migrate during 
early May to shallow water to lay eggs and then die during June and July . 
In late August-early September the juvenile population moves to deeper 
water. Horst & Costa (1972) observed the possible seasonal migration of 
Amnicola limosa in McCargo Lake , New York . If similar snail migration 
occurs in Upper LaSalle Lake , the high ratios at 2 m may be a reflection 
of high adult mortality after breeding and lower ratios may be the re-
flections of the normal ratio of adult/immature mortality. 
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Figure 1. Map of Upper LaSalle Lake and associated graphs showing 
variation of aquatic plant cover, gravel (Gu) and mud ( c clay+ 
silt) (MD), live snail density, and fossil snail density with 
depth in meters at two stations. The plant cover is plotted as an 
average, estimated percentage. The gravel and mud are also averages, 
estimated in parts per 10. The average sand for each depth is not 
shown but can be obtained by subtracting the amounts of gravel and 
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Table 1. Adult/juvenile ratios in fossil snail samples. 
Station 1 Station 2 
A. l imosa V. tricarinata G. Earvus A. li.mosa V. tricarinata ~arvus 
Depth (m) No. Ratio No . Ratio No. Ratio No. Ratio No. Ratio No. Ratio 
1 4322 0.19 3099 0.24 2886 0.12 1180 0.20 598 0.13 826 0 .09 
2 Z?07 0.34 2193 0.36 1702 0.18 2695 0.25 1180 o. 21 1153 0.21 
3 3983 0.33 J461 O.J2 2242 0.16 3313 0.21 1971 0.16 1548 0.07 
4 Z?96 0.30 2020 0.39 1676 0.18 5997 0.07 3384 0.22 3148 0.12 
5 1068 0.33 97) 0.21 667 0.08 5478 0.28 2199 0.26 1731 0.12 
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Appendix I. Mussel transect field data for stations 1 and 2. 
Station 1 
SEecies Sex Lengthrmml Height{mm~ Widthrmm} DeEthrm} 
Anodonta grandis 105 58 J8 2 
Lampsilis radiata luteola M 86 49 Jl 2 
" 
It 
" F 69 46 26 2 
Anodonta grandis 104 60 J8 J Lampsilis radiata luteola M 77 5J JO J 
" 
II It M 8J 5J J2 J II II 
" M 77 ~ 28 J II II It M 75 55 JO J II II II F 80 54 36 3 Anodonta grandis 98 58 37 4 
Lampsilis radiata luteola M 91 59 JO 4 
II II It M 88 58 J8 4 
It It II M 84 54 J2 4 
II It It M 70 46 27 4 e It II It M 7J 5J JJ 4 
II II ti F 55 42 21 4 
Anodonta grandis 83 41 27 5 
Lampsilis radiata luteola M 78 47 JO 5 
Station 2 
S ecies Sex Len h mm Hei ht mm Width mm De th m 
Anodonta grandis 99 1 J9 1 
It It 79 51 J5 1 
Lampsilis radiata luteola M 85 5J J1 1 
It ti II M 76 4J 28 1 
Anodonta grandis 100 63 39 2 
ti II 48 JO 19 2 
Lampsilis radiata luteola M 82 54 36 2 
It 
" 
II F 58 J9 19 2 
ti 
" 
It F 51 41 22 2 
Lampsilis radiata luteola F 70 49 Jl J 
ti It II F 49 J2 19 J 
It II It F 48 J1 17 J Anodonta grandis 99 61 J8 4 
Lampsilis radiata luteola M 61 J8 20 4 
" 
II It M ~ 35 20 4 
II II II F 70 51 28 4 
Anodonta grandis 116 69 45 5 
" 
II 98 59 45 5 
" 
II 71 47 25 5 
" 
II 75 42 25 5 
It It 80 44 26 5 Lampsilis radiata luteola M 79 52 JJ 5 Anodonta grandis 95 50 J1 6 
ti II 87 54 JO 6 
ti II BJ 44 29 6 
II ti 85 45 2? 6 
(19) 
Appendix II. Number of fossils per core sample at station 1. 
SJ2ecies 1m 2m 3m 4m 5m 6m h grandis O* 1 1 0 1 0 
o+ 0 0 0 0 0 
L. r. luteola 0 2 1 0 0 0 
0 0 0 0 0 0 
A. ferussacianus 0 1 0 0 0 0 
0 0 0 0 0 0 
V. tricarinata 603 585 837 .568 171 764 
2496 1608 2624 1452 802 15.56 
fu. :ea,rvus 314 254 314 2.56 52 284 
2572 1448 1928 1420 615 1440 
Amnicola sp. 686 647 983 648 266 888 
3636 1960 3000 2148 802 4344 
h ~ jugularis 4 5 8 6 1 4 
12 0 16 20 4 24 
Ferrissia rivularis 11 4 18 20 9 20 
J6 64 .56 52 23 108 !h. anceps 26 35 26 32 37 52 
92 40 8 20 3 44 !h. campanulatum 3 4 13 25 8 41 
0 0 4 68 2 80 
R!.. exacuous 21 11 11 14 4 24 
168 80 32 76 32 104 
Physa sp. 41 130 64 38 17 106 
108 200 136 140 40 268 
F. obrussa 38 27 42 24 11 64 
192 88 52 68 31 132 
Sphaerium sp. 29 21 18 12 18 7 
8 8 0 0 0 0 
Pisidium sp. 403 235 378 228 82 132 
876 528 260 544 307 424 
* adult individuals 
+ immature individuals 
(20) 
Appendix III. Number of fossils per core sample at station 2. 
s:eecies lm 2m ~m 4m 5m 6m h grandis 1* 0 1 0 1 2 
o+ 0 0 0 0 0 
b. !:.!_. luteola 0 0 1 0 0 1 
0 0 0 0 0 0 
A. ferussacianus 0 0 0 0 0 0 
0 0 0 0 0 0 
V. tricarinata 70 208 275 600 457 348 
528 972 1696 2784 1742 1088 
~ parvus 66 201 100 340 182 138 
760 952 1448 2808 1556 1420 
Amnicola sp. 197 533 655 415 1185 572 
1000 2164 3160 5984 4293 2248 
h ~ jugularis 0 0 2 8 0 0 
0 16 0 14 8 4 
Ferrissia rivularis 6 10 10 25 10 6 
32 48 64 72 48 12 
!:h. anceps 2 32 23 141 56 49 
16 32 0 104 82 28 
!k_ campanulatum 0 15 13 38 26 3.5 
0 80 24 1)6 55 80 
P. exacuous 0 3 1 4 6 14 
0 0 48 72 76 16 
Physa sp. 12 22 11 16 43 28 
32 32 0 48 191 50 
F. obrussa 43 JO 20 80 10 14 
248 64 120 248 148 32 
Sphaerium sp. 4 9 12 11 4 2 
8 0 0 0 0 0 
Pisidium sp. 139 301 437 873 260 208 
528 704 792 1696 856 688 
* adult individuals 
+ immature individuals 
(21) 
Appendix IV. Live snails collected at stations 1 and 2. 
Station 1 
s;eecies 1m 2m 2m 4m ,2m 6m 
v. tricarinata O* 0 0 0 0 1 
o+ 0 0 0 0 0 
fu_ parvus 0 0 0 0 0 0 
0 1 0 0 0 1 
&._ limosa 0 0 0 1 3 27 
0 6 0 0 6 4 
Ferrissia rivularis 0 0 0 0 0 0 
0 0 0 0 1 0 
Physa sp. 0 7 0 4 3 7 
0 8 0 2 3 4 
Station 2 
s;eecies 1m 2m Jm 4m .5m 6m 
v. tricarinata O* 0 0 0 0 0 
o+ 0 0 1 0 1 
~ :earvus 0 0 0 0 0 0 
0 0 0 1 1 0 
A. limosa 4 0 0 0 0 2 
J8 11 22 2 2 6 
Ferrissia rivularis 0 0 1 0 0 0 
3 1 1 1 0 0 
Physa sp. 4 0 0 0 0 0 
7 0 0 0 2 4 
* adult individuals 
+ immature individuals 
(22) 
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